D4.8 Material virtual training by Hadjimitsis, Diofantos G. et al.
  
H2020-TWINN-2015.  Grant Agreement no 691936 
Project full title: 
Remote Sensing Science Center for Cultural Heritage 
Project acronym: 
ATHENA 
Work Package 
WP4 
Deliverable D4.8 Material virtual training 
 
       
 
 
 
©  Copyright by the ATHENA consortium, 2015-2018. The project that has received funding from the European Union’s Horizon 2020 research and 
innovation programme under grant agreement No 691936 (H2020-TWINN-2015). More info regarding the project you can find here: www.athena2020.eu  
 
DISCLAIMER: This document contains material, which is the copyright of ATHENA consortium members and the European Commission, and may not 
be reproduced or copied without permission, except as mandated by the European Commission Grant Agreement No 691936 for reviewing and 
dissemination purposes. The information contained in this document is provided by the copyright holders "as is" and any express or implied warranties, 
including, but not limited to, the implied warranties of merchantability and fitness for a particular purpose are disclaimed. In no event shall the members 
of the ATHENA consortium, including the copyright holders, or the European Commission be liable for any direct, indirect, incidental, special, exemplary, 
or consequential damages (including, but not limited to, procurement of substitute goods or services; loss of use, data, or profits; or business interruption) 
however caused and on any theory of liability, whether in contract, strict liability, or tort (including negligence or otherwise) arising in any way out of the 
use of the information contained in this document, even if advised of the possibility of such damage.  
  
D4.8 - Material virtual training                         ATHENA 
Grant Agreement no 691936                                      [PUBLIC]                                                                           - 2 - 
 
 
 
 
 
H2020-TWINN-2015 
Grant Agreement no 691936 
This project is funded under the EUROPEAN COMMISSION in 
the Framework Programme for Research and Innovation (2014-
2020).   
 
Call: 
 
Work programme H2020 under “Spreading Excellence and 
Widening Participation”, call: H2020-TWINN-2015: Twinning 
(Coordination and Support Action). 
 
Project full title: Remote Sensing Science Center for Cultural Heritage 
Project acronym: ATHENA 
Work Package (WP): WP4 
Deliverable (D):  D4.8  Material virtual training 
Due date of deliverable: 
November 2018 
 
Version: 1 
Author(s): 
Diofantos G. Hadjimitsis, Argyro Nisantzi, Kyriakos 
Themistocleous, Christodoulos Mettas, Evagoras Evagorou, 
Athos Agapiou, Vasiliki Lysandrou, Christiana Papoutsa, 
Andreas Christofe, Marios Tzouvaras 
Contributor(s): 
Rosa Lasaponara, Nicola Masini, Thomas Krauss, Gunter 
Schreier 
Start date of project: 1/12/2015  Duration: 36 months 
D4.8 - Material virtual training                         ATHENA 
Grant Agreement no 691936                                      [PUBLIC]                                                                           - 3 - 
 
 
Document Sign-off 
Nature Name Role Partner Date 
DRAFT 
Diofantos G. Hadjimitsis, 
Argyro Nisantzi, Kyriakos 
Themistocleous, 
Christodoulos Mettas, 
Evagoras Evagorou, 
Athos Agapiou, Vasiliki 
Lysandrou, Christiana 
Papoutsa, Andreas 
Christofe, Marios 
Tzouvaras 
Coordinator CUT 02/11/2018 
 
REVIEWED 
 
Rosa Lasaponara,  
Nicola Masini,  
Thomas Krauss,  
Gunter Schreier 
Advance partners  
CNR & 
DLR 
19/11/2018 
 
APPROVED 
 
Diofantos G. Hadjimitsis 
Project 
Coordinator 
CUT 29/11/2018 
 
 
 
Dissemination Level 
PU Public  √ 
CO 
Confidential, only for members of the consortium (including the Agency 
Services) 
 
 
  D4.8 – Material virtual training                               ATHENA 
 
Grant Agreement no 691936                                      [PUBLIC]                                                                     4 
Work Package: 4 – Training and knowledge transfer 
Deliverable: D4.8 - Material virtual training 
Sections to 
be protected 
Description Owner 
Access Rights 
Period Type* 
none     
     
     
     
     
     
     
     
     
     
     
     
 
  
  D4.8 – Material virtual training                               ATHENA 
 
Grant Agreement no 691936                                      [PUBLIC]                                                                     5 
Table of Contents 
1. Summary ........................................................................................................................ 6 
2. Material from the Virtual Trainings .................................................................................. 7 
2.1 VIRTUAL TRAINING 1: “HYPERSPECTRAL PROCESSING” ................................ 7 
2.1.1 Description........................................................................................................... 7 
2.1.2 Participants .......................................................................................................... 7 
2.1.3 Presentation 1: “Analysis of Hyperspectral images – Basic concepts” ................. 8 
2.1.4 Presentation 2: “Analysis of Hyperspectral images – Band selection” .................19 
2.2 VIRTUAL TRAINING 2: “MULTI-TEMPORAL REMOTE SENSING ANALYSES” ...54 
2.2.1 Description..........................................................................................................54 
2.2.2 Agenda and participants .....................................................................................54 
2.2.3 Presentations on “Multitemporal analyses in Earth Observation” ........................60 
2.3 VIRTUAL TRAINING 3: “SATELLITE MONITORING FOR ARCHAEOLOGICAL 
LOOTING” .....................................................................................................................90 
2.3.1 Description..........................................................................................................90 
2.3.2 Agenda and Participants .....................................................................................92 
Detailed training program .....................................................................................................92 
2.3.3 Presentations on “Archaeological looting. Ancient problems and new approaches 
based on remote sensing” ..............................................................................................96 
2.3.4 Presentation – Classification ............................................................................. 122 
2.4 VIRTUAL TRAINING 4: “INTEGRATION OF REMOTE SENSING DATA FOR 
PROTECTION AND PRESERVATION OF CULTURAL HERITAGE” ........................... 134 
2.4.1 Description........................................................................................................ 134 
2.4.2 Agenda ............................................................................................................. 135 
2.4.3 Presentation of “Data integration and fusion: state-of-the art” and “Future 
perspectives for archaeological prospection and architectural heritage monitoring” ..... 141 
2.4.4 Presentations of the “Case studies and applications” ........................................ 162 
3. Overall ......................................................................................................................... 181 
 
 
 
 
  
  D4.8 – Material virtual training                               ATHENA 
 
Grant Agreement no 691936                                      [PUBLIC]                                                                     6 
1. Summary 
 
Work package 4 focused on the training and knowledge transfer between the existing 
personnel of the Remote Sensing Lab of the Cyprus University of Technology and experts from 
the high performing partners’ institutions. The current deliverable consists precisely of the 
specific training/knowledge transfer activity of the virtual trainings that have took place 
throughout the project. 
The deliverable provides a brief description for each virtual training, all relative information as 
per topic, participants, date etc. Also, the material produced by each trainer, is also hereunder 
displayed.  
 
The topics of virtual trainings focused on the analysis of hyperspectral images, the use of 
remote sensing for looting monitoring and the multi-temporal remote sensing analyses. In 
addition, the fourth virtual training was focused on the Integration of RS data for Cultural 
Heritage management in the Copernicus Era. 
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2. Material from the Virtual Trainings  
 
2.1 VIRTUAL TRAINING 1: “HYPERSPECTRAL PROCESSING” 
 
2.1.1 Description  
 
The first virtual training carried out by Dr. Daniele Cerra from DLR and was performed on the 
16th of February 2016, using the skype platform. The training was entitled “Hyperspectral 
processing”, with a special focus on the analysis of hyperspectral images. Two presentations 
were provided for this virtual training, addressing basic concepts and band collection for the 
analysis of hyperspectral images.  
 
2.1.2 Participants 
No. Name Role Institution 
1 Daniele Cerra Trainer DLR 
2 Vasiliki Lysandrou Trainee  CUT 
3 Athos Agapiou Trainee CUT 
4 Christodoulos Mettas Trainee CUT 
5 Branca Cuca Trainee CUT 
6 Kyriakos Themistocleous Trainee CUT 
7 Evagoras Evagorou Trainee CUT 
8 Argyro Nisantzi Trainee CUT 
 
 
Group photograph at the end of the training at the premises of the Cyprus University of Technology 
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2.1.3 Presentation 1: “Analysis of Hyperspectral images – Basic concepts” 
Hereunder the first presentation on the topic “Analysis of Hyperspectral images – Basic 
concepts” is given.  
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2.1.4 Presentation 2: “Analysis of Hyperspectral images – Band selection”
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2.2 VIRTUAL TRAINING 2: “MULTI-TEMPORAL REMOTE SENSING ANALYSES” 
 
2.2.1 Description  
The second virtual training was a two-day training event and it was performed physically, at 
the premises of the Cyprus University of Technology, in the Remote Sensing and Geo-
Environment Laboratory. The training was carried out on the 6th and 7th of October 2016. The 
DLR trainer Dr. Ursula Gessner has developed and explained with case studies of performed 
or on going research, issues related to the multi-temporal remote sensing analysis, 
demonstrating the potential use of optical datasets for large scale applications and 
phenological studies. 
The two-day training was followed by researches of the ATHENA project, as well as from PhD 
students of the Department of Civil Engineering and Geomatics of the CUT. 
 
2.2.2 Agenda and participants 
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Group photo during and after the 2nd virtual training 
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2.2.3 Presentations on “Multitemporal analyses in Earth Observation”  
The sum up, the presentations made by Dr. Ursula Gessner regarding multitemporal 
analyses in Earth Observation contained the following:  
• Time series in earth observation: 
o Suitable sensors and missions 
o Types of EO time series & variables 
o Data access 
• Time series processing – theoretical background and methods 
o Time series components and characteristics 
o Handling of outliers/noise incl. smoothing /filtering methods  
o Analysis of multi‐year developments (trends, complex developments) 
o Analysis of seasonality I (seasonal statistics, number of seasons) 
o Analysis of seasonality II (land surface phenology) 
o Data fusion 
o Examples for EO applications based on time series 
 
Hereunder the presentation slights are provided, including theoretical concepts, examples of 
applications, literature etc. 
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2.3 VIRTUAL TRAINING 3: “SATELLITE MONITORING FOR ARCHAEOLOGICAL 
LOOTING” 
 
2.3.1 Description  
The third virtual training was again performed physically instead of remotely. Dr. Nicola Masini 
from IBAM-CNR and Dr. Rosa Lasaponara from IMAA-CNR, were hosted by the Cyprus 
University of technology in Limassol, Cyprus. The training was carried out on the 1st of 
September 2017 and focused on the use of remote sensing for monitoring archaeological 
looting, displaying paradigms from countries beyond Europe. 
 
Basic overview of Looting and its monitoring from space  
Relevance of the training activities in the framework of the ATHENA project 
Cyprus due to its geographical position has always been the crossroad between three 
continents: Europe, Africa, and Asia, the bridge between east and west. With the various wars 
and conflicts in the Middle east area, remote sensing techniques seem to be the most efficient, 
time effective way for monitoring CH’s destruction even documenting CH prior its total 
extinction, as well as to monitor archaeological looting activities which represent one of the 
main risks affecting archaeological heritage throughout the world.  
Actions oriented to prevent looting can be supported by satellite technologies which can 
provide reliable information to: (i) detect and quantify looting phenomenon even over large 
areas, (ii) set up tools to undertake monitoring also for remote areas or sites not accessible 
due to war or other limiting factors. 
Recently, looting activities that have exponentially increased in the Middle East since the 
beginning of the conflict in Syria. in the middle east areas. To face this UNESCO and UNITED 
National provided additional efforts and adopted new actions to condemn and contrast looting 
activities The United Nations Security Council, on 12 February 2015, adopted the Resolution 
2199 that condemns the destruction of cultural heritage and adopts legally binding measures 
to counter illicit trafficking of antiquities and cultural objects.  
 
Basic overview of Looting and CH monitoring from space  
The preservation of cultural heritage and landscape is today a strategic priority not only to 
assure cultural treasure and evidences of the human past to future generations, but also to 
exploit them as a strategic and valuable economic asset, if inspired to sustainable development 
strategies. This is an extremely important key factor for the countries which are owners of an 
extraordinary cultural legacy, which is particular fragile due to its specific characteristics and 
specific risks at which CH is continuously exposed. Taking advantage of large-spatial 
coverage, high-spectral and sensitivity satellite remote sensing can be usefully adopted for 
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contrasting looting. Satellite technologies offer a suitable chance to quantify and analyse this 
phenomenon, especially in those countries, from Southern America to Middle East, where the 
surveillance on site is not much effective and time consuming or non-practicable due to military 
or political restrictions. 
The training activities organized by CNR and carried out by Rosa Lasaponara and Nicola 
Masini were focused on the characterization of the looting phenomenon from a multi-faced 
prospective (as detailed below). In particular, the training activities were focused on the use of 
high spatial resolution satellite and aerial optical images and Lidar acquisition to quantitatively 
assess looting. An overview of methodologies and data processing for the identification and 
quantification of looting features (using both single date and multitemporal satellite images) 
were discussed for several study areas. 
Moreover, advanced data processing based on both autocorrelation statistics and 
unsupervised classification have been presented, applied and discussed for significant study 
areas, as Dura Europos; selected in Syria. The main topic were deeply focalized on the 
following: 
 
1. Looting  as a complex problem  
✓ black market of looted items 
✓ social and anthropological view of looters;   
 
2. Looting features from above: physical and spectral characteristics 
✓ Looting from optical satellite data 
✓ Looting from SAR satellite data 
✓ Looting from LIDAR 
✓ Looting from UAV optical image 
 
3. An overview of looting   
✓ Looting in the diverse continents from Middle East to Peru, from Asia to Europe:  
✓ Looting mapping and quantification    
✓ Visual inspection, Crowd sourcing and automatic data processing to map and 
quantify looting  
 
4. Data processing from looting feature extraction 
✓ Classification to automatically detect looting in desert environment  
✓ LISA approach to enhance looting features  
 
5. Practical applications 
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2.3.2 Agenda and Participants 
Detailed training program  
➢ Lectures/presentations 
Lesson 1: An overview of Looting and international black market (Nicola Masini) 
Lesson 2: Looting features and monitoring tools (Nicola Masini) 
Lesson 3: An overview of Looting activities thought the world (Rosa Lasaponara) 
Lesson 4: Looting from space: from visual inspection to automatic recognition and mapping 
(Rosa Lasaponara) 
➢ Practical exercise  
Satellite data for study areas selected in Syria-Dura Europos  
Software: open (snap) and commercial ENVI  
 
4th virtual training: Agenda  
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4th virtual training: Flyer 
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Photos during the 3rd Virtual Training at the premises of the Cyprus University of Technology 
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2.3.3 Presentations on “Archaeological looting. Ancient problems and new 
approaches based on remote sensing” 
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2.3.4 Presentation of “Looting from space: from visual inspection to automatic 
recognition and mapping” 
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2.4 VIRTUAL TRAINING 4: “INTEGRATION OF REMOTE SENSING DATA FOR 
PROTECTION AND PRESERVATION OF CULTURAL HERITAGE” 
 
2.4.1 Description  
The forth virtual training, focused on the use of Integration of Remote Sensing data for Cultural 
Heritage management in the Copernicus Era. The virtual training was carried out physically 
instead, at the CUT premises in Limassol-Cyprus, on the 3rd of September 2018. The trainers 
from the CNR (IBAM and IMAA) that offered lectures were Dr. Rosa Lasaponara, Dr. Nicola 
Masini, Dr. Francesco Soldovieri and Ms Ilaria Catabano. 
During this training, the integrational use of Various remote sensing techniques and data, and 
the fusion of the results, has been presented and analyzed. A special focus was given also to 
the deformation depiction of monuments and sites through persistent scattered interferometry. 
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2.4.2 Agenda and participants 
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Photos during the 4th Virtual Training at the premises of the Cyprus University of Technology 
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2.4.3 Presentation of “Data integration and fusion: state-of-the art” and “Future 
perspectives for archaeological prospection and architectural heritage monitoring”  
 
 
  D4.8 – Material virtual training                               ATHENA 
 
Grant Agreement no 691936                                      [PUBLIC]                                                                     142 
  D4.8 – Material virtual training                               ATHENA 
 
Grant Agreement no 691936                                      [PUBLIC]                                                                     143 
  D4.8 – Material virtual training                               ATHENA 
 
Grant Agreement no 691936                                      [PUBLIC]                                                                     144 
  D4.8 – Material virtual training                               ATHENA 
 
Grant Agreement no 691936                                      [PUBLIC]                                                                     145 
  D4.8 – Material virtual training                               ATHENA 
 
Grant Agreement no 691936                                      [PUBLIC]                                                                     146 
  D4.8 – Material virtual training                               ATHENA 
 
Grant Agreement no 691936                                      [PUBLIC]                                                                     147 
  D4.8 – Material virtual training                               ATHENA 
 
Grant Agreement no 691936                                      [PUBLIC]                                                                     148 
  D4.8 – Material virtual training                               ATHENA 
 
Grant Agreement no 691936                                      [PUBLIC]                                                                     149 
  D4.8 – Material virtual training                               ATHENA 
 
Grant Agreement no 691936                                      [PUBLIC]                                                                     150 
  D4.8 – Material virtual training                               ATHENA 
 
Grant Agreement no 691936                                      [PUBLIC]                                                                     151 
  D4.8 – Material virtual training                               ATHENA 
 
Grant Agreement no 691936                                      [PUBLIC]                                                                     152 
  D4.8 – Material virtual training                               ATHENA 
 
Grant Agreement no 691936                                      [PUBLIC]                                                                     153 
  D4.8 – Material virtual training                               ATHENA 
 
Grant Agreement no 691936                                      [PUBLIC]                                                                     154 
  D4.8 – Material virtual training                               ATHENA 
 
Grant Agreement no 691936                                      [PUBLIC]                                                                     155 
  D4.8 – Material virtual training                               ATHENA 
 
Grant Agreement no 691936                                      [PUBLIC]                                                                     156 
  D4.8 – Material virtual training                               ATHENA 
 
Grant Agreement no 691936                                      [PUBLIC]                                                                     157 
  D4.8 – Material virtual training                               ATHENA 
 
Grant Agreement no 691936                                      [PUBLIC]                                                                     158 
  D4.8 – Material virtual training                               ATHENA 
 
Grant Agreement no 691936                                      [PUBLIC]                                                                     159 
  D4.8 – Material virtual training                               ATHENA 
 
Grant Agreement no 691936                                      [PUBLIC]                                                                     160 
  D4.8 – Material virtual training                               ATHENA 
 
Grant Agreement no 691936                                      [PUBLIC]                                                                     161 
 
 
  D4.8 – Material virtual training                               ATHENA 
 
Grant Agreement no 691936                                      [PUBLIC]                                                                     162 
2.4.4 Presentation of the “Case studies and applications” 
 
 
 
  D4.8 – Material virtual training                               ATHENA 
 
Grant Agreement no 691936                                      [PUBLIC]                                                                     163 
  D4.8 – Material virtual training                               ATHENA 
 
Grant Agreement no 691936                                      [PUBLIC]                                                                     164 
  D4.8 – Material virtual training                               ATHENA 
 
Grant Agreement no 691936                                      [PUBLIC]                                                                     165 
  D4.8 – Material virtual training                               ATHENA 
 
Grant Agreement no 691936                                      [PUBLIC]                                                                     166 
  D4.8 – Material virtual training                               ATHENA 
 
Grant Agreement no 691936                                      [PUBLIC]                                                                     167 
  D4.8 – Material virtual training                               ATHENA 
 
Grant Agreement no 691936                                      [PUBLIC]                                                                     168 
  D4.8 – Material virtual training                               ATHENA 
 
Grant Agreement no 691936                                      [PUBLIC]                                                                     169 
  D4.8 – Material virtual training                               ATHENA 
 
Grant Agreement no 691936                                      [PUBLIC]                                                                     170 
  D4.8 – Material virtual training                               ATHENA 
 
Grant Agreement no 691936                                      [PUBLIC]                                                                     171 
  D4.8 – Material virtual training                               ATHENA 
 
Grant Agreement no 691936                                      [PUBLIC]                                                                     172 
  D4.8 – Material virtual training                               ATHENA 
 
Grant Agreement no 691936                                      [PUBLIC]                                                                     173 
  D4.8 – Material virtual training                               ATHENA 
 
Grant Agreement no 691936                                      [PUBLIC]                                                                     174 
  D4.8 – Material virtual training                               ATHENA 
 
Grant Agreement no 691936                                      [PUBLIC]                                                                     175 
  D4.8 – Material virtual training                               ATHENA 
 
Grant Agreement no 691936                                      [PUBLIC]                                                                     176 
  D4.8 – Material virtual training                               ATHENA 
 
Grant Agreement no 691936                                      [PUBLIC]                                                                     177 
  D4.8 – Material virtual training                               ATHENA 
 
Grant Agreement no 691936                                      [PUBLIC]                                                                     178 
  D4.8 – Material virtual training                               ATHENA 
 
Grant Agreement no 691936                                      [PUBLIC]                                                                     179 
  D4.8 – Material virtual training                               ATHENA 
 
Grant Agreement no 691936                                      [PUBLIC]                                                                     180 
 
 
  D4.8 – Material virtual training                               ATHENA 
 
Grant Agreement no 691936                                      [PUBLIC]                                                                     181 
3. Overall 
 
During the ATHENA project four virtual trainings have been organised and successfully 
implemented by the advanced partners (DLR and CNR) to the host institution (CUT). The 
virtual trainings were planned -when possible- when other actions of the project were also 
taking place, in an effort to maximize their overall impact and training outcomes.  
The virtual trainings provided a very good opportunity to discuss various aspects of the use of 
remote sensing technologies for cultural heritage, while they pave the road for relevant 
scientific publications in conferences and journals. 
